The IBCCS Collaborators Group* Coordinating Center Introduction Breast cancer is the most common cancer affecting women in developed countries. Efforts to decrease breast cancer mortality have focused on early detection and improved treatment. Identification of women at particularly high risk of developing the disease provide a group on whom expensive and rigorous screening programs are cost-effective and a cohort of women who may benefit from trials of chemopreventive agents. The discovery of at least two genes which, when altered, confer markedly increased susceptibility to breast cancer has facilitated the identification of a cohort of individuals at particularly high risk of this disease. Although counseling and genetic testing of at-risk women is now underway in many centers in Europe and North America, the risks of cancer provided to gene carriers is based on limited data obtained from retrospective analyses in families largely selected for high incidence of living affected women. The same limitations apply to our knowledge of the risks of cancer at other sites and the possible interactions of these mutations with other genes and environmental effects (Phelan et al. 1996; Rebbeck et al. 1999; Brunet et al. 1998) . These studies estimate a risk of breast cancer in female carriers of ~ 50% by age 50 and a ~ 80% lifetime risk (Easton et al. 1993 ; Easton et al. 1995; Ford et al. 1998 ). These two genes also predispose to an approximate 40% risk of ovarian cancer as well as 3 to 4-fold increased risks of colon (BRCA1) and pancreatic cancer (BRCA2) in both male and female carriers and prostate cancer (BRCA1 and BRCA2) in men (Ford et al. 1994 ; Breast Cancer Linkage Consortium 1999). There have also been published reports that reproductive or other factors may alter the baseline risks conferred by BRCA1 alterations Narod et al. 1995) . Although prophylactic surgery is sometimes used as a means of prevention, there is little or no data regarding the efficacy of these procedures. While several countries have begun national or regional efforts to address these issues prospectively, the sample sizes required for adequate precision of risk estimates and power for detection of risk modification are often beyond the scope of any one center. Accordingly, there is a clear need for international coordination of these efforts with a standardized enrollment and follow-up protocol, and for combined data analyses.
The specific aims of the IBCCS project are to: (1) more precisely estimate the age, sex, and sitespecific cancer risks due to mutations in these genes; (2) determine the importance of known reproductive risk factors in determining these risks; (3) examine the efficacy of prophylactic surgery and other screening/prevention options in high risk women; (4) create an ongoing registry of gene carriers for potential use in future clinical trials.
Eligibility
Eligible Subjects for the IBCCS cohort are defined as follows:
1. Any identified carrier of a presumed disease predisposing mutation in either the BRCA1 or BRCA2 gene is potentially eligible to be enrolled. This includes both men and women, those who currently have cancer (at any site), as well as those who are currently asymptomatic.
2. Carriers must be informed of their mutation status.
3. Subjects must be over 18, mentally capable, and have given informed consent to participate in a longitudinal study.
The decision to include only carriers of a proven BRCA1 or BRCA2mutation in the cohort stems from the desire to maximize the amount of information collected and lessen the follow-up burden, relative to the cost of administering the study. However, some of the participating studies at the national level (e g, UK study) are including similar data on individuals who are found not to be carriers, while others are including subjects who have a risk defined only by family history. The rationale for requiring point 2 is to best reflect the future (or current) clinical setting in which subjects will be informed of their test result and given counseling through the normal clinical practice. In this fashion the risk estimates derived from the study will be most applicable to individuals undergoing such testing in the future. Moreover, these women will be making more informed choices regarding lifestyle, prevention, and screening choices.
Procedure
Eligible subjects may enter the cohort by one of two distinct mechanisms: through oncogenetics/ family cancer clinics, or by previous participation in research family studies. In general, subjects identified through family cancer clinics will have been identified within a year of October 1 1998. The administration of the questionnaire can take place either before or after the subject receives the notification of their carrier status, depending on the organization of the individual cancer/genetics center. If the questionnaire is administered before the results of the genetic test are provided to the subject, (e g, at the first pre-test counseling session) it will be necessary that the same procedure is followed for all subjects, even if the investigator is aware of the gene-carrier status of the subject. This is necessary to avoid situations where, for example, two sisters are awaiting testing and the fact that only one is given a questionnaire or invited to participate in the IBCCS study, will allow the inference of the mutation status prior to delivery of the information in the proper setting. Although this means that subjects who are not eligible for the cohort study because they are non-carriers will unnecessarily (at least for the IBCCS) be given the questionnaire, this data could be used to compare baseline data between carriers and non-carriers in those centers which follow this procedure. For subjects entered into this fashion, the date of entry into the cohort (i e, the date in which the follow-up starts) will be the date that the subject is notified that they are a carrier of a deleterious mutation in BRCA1/2. In other clinical settings it may be more convenient to administer the questionnaire after the subject has been notified of their mutation-carrier status. In this case, the procedure will be to: 1) invite eligible (i e carriers) subjects to participate in the IBCCS study; 2) obtain the appropriate informed consent from the subject to permit follow-up; and 3) administer the questionnaire. In this case the date of enrollment into the IBCCS cohort is the date that the questionnaire is completed.
In the case of research subjects, those who have been identified as part of previous studies but who have since been notified of their carrier status in the past are eligible for the IBCCS cohort. In those cases where these subjects were previously given a questionnaire similar to the IBCCS questionnaire (to be examined on a case-by-case basis for compatibility with the IBCCS data), information from the previous questionnaire will be treated as the original questionnaire, follow-up will start at the time of notification of test result, and the subject will be administered the IBCCS questionnaire as their first follow-up questionnaire. It is required that complete cancer incidence, medical history, and mortality data is obtained on all such subjects (i e, not just the subjects who are alive in 1998). Similarly, subjects who were notified of their test result in the past, but were not given substantially similar questionnaires will be given the IBCCS questionnaire as their baseline questionnaire, with follow-up to start at the time of questionnaire completion.
Questionnaire
Where possible, investigators were encouraged to utilize the IBCCS questionnaire (suitably translated into the nine other languages used in participating centers). The use of a standardized questionnaire will facilitate the entry of all relevant data into the database and allow for a more homogeneous (and therefore more powerful) combined analysis. The use of other questionnaires (for example, those used in ongoing epidemiological studies of high-risk families) was permitted, but other such questionnaires were required to contain the vast majority of the information contained in the IBCCS questionnaire. As much as possible, the common items on other questionnaires were defined and formatted as closely as possible to that of the IBCCS questionnaire. Although ideally the questionnaire would be done through in-person or telephone interview by a trained interviewer, the subjects will be allowed to self-administer the questionnaire and return it by post to the local center. In this case, the local center coordinator should check each questionnaire for completeness before sending it on to the Coordinating center in Lyon. A separate, shorter, questionnaire is used for male carriers. In addition to the data collected on the questionnaire, all centers provide a standard pedigree drawing of each family participating in the study. As detailed in the questionnaire, the risk factor data focuses on relatively detailed reproductive factors and hormone usage, with only moderately detailed information on alcohol and tobacco consumption. In order to keep the questionnaire as short and simple as possible, it was decided to avoid the collection of dietary information, as part of the core data, although individual centers may be collecting this data in their own separate studies. In addition to the general questions related to disease asked on the questionnaire, more detailed pathology information will be collected (normally taken from the path reports) for each existing and new occurrence of breast or ovarian cancer in study participants. Furthermore, for each incident case of cancer occurring during the study follow-up interval, a detailed clinical questionnaire containing specific treatment information will be filled in by the investigator.
IBCCS Database
Data from the IBCCS study will be centralized in a large ORACLE (Oracle inc.) database designed and maintained at the coordinating center in Lyon. The overall principal questionnaire database is composed of 244 fields arranged in 45 distinct data tables, each indexed and linked in a relational scheme. Each field contains data quality checks at the point of data entry. No nominative data will be transferred to the coordinating center. Each subject will be identified by key identifying fields including center/family/individual ID numbers and date of birth. At regular intervals, (e g, 20 enrolled subjects) the completed questionnaires except the page containing nominative data to be retained by the local center, will be sent to the IBCCS coordinating center in Lyon for entry into the IBCCS database. An electronic version of the data contributed from each local center will be returned to the local center in a desired format (e g, text, EXCEL, etc.) In general this will apply to the centers using the IBCCS questionnaire. Alternatively, for larger centers conducting National/Regional studies, and/or who will be using their own questionnaire, the procedure will be to enter the data into a local database. At regular intervals (e g, quarterly), the data will be transferred electronically via ftp and be translated into the common IBCCS data format using a set of center-specific software procedures written for this purpose at the coordinating center in Lyon. In both cases, a series of consistency checks will be implemented to identify possible coding errors. Any inconsistencies detected will be communicated as quickly as possible to the local data coordinator for clarification.
Biological Samples
Although the collection and storage of a central repository of biological specimens (Blood, Serum, DNA, Tumor) is not formally a part of the IBCCS study, it is our goal that these will be collected whenever possible, and the data concerning the type of sample, date of collection, and place of storage will be noted on the IBCCS questionnaire to be stored in the database. This will allow the better organization of specific collaborative projects requiring biological samples from mutation carriers.
Follow-up
Each subject entered into the cohort will be given a follow-up questionnaire at regular intervals following enrollment. Specifically, the follow-up assessment will be performed one year after the entry into the study, and subsequently every two years. The follow-up questionnaire will be a subset of the original questionnaire on all items that are subject to change, with particular focus on menopausal status, hormone usage through either HRT or OC use, and in screening and prevention practices, including any new prophylactic surgeries. In addition, we will ask specifically about any changes in lifestyle, screening practices, and diet, since the last questionnaire. At a minimum, this will continue until 5 years of follow-up (3 follow-up questionnaires) have been completed. After this time, we encourage the continuation of the active follow-up for as long as possible, but recognize that this could place an undue burden on the investigators. If active follow-up is not to be done, tracking of cohort participants to identify incident cancers will be done through the appropriate cancer registry (in centers where this is feasible) by linking individual identifier information retained at each center to the registry.
Expected Total Enrollment and Number of Cases
Based upon the initial experiences of the family cancer clinics at each participating center, we anticipate that a total enrollment of 2000 women and 200 male subjects into the cohort is feasible by March 1 2001. We expect that at least 50% of these subjects will be enrolled through the large national studies in the UK, Netherlands, and France.
The expected number of cases of breast and ovarian cancer occurring during the follow-up period will be a function of a number of factors including the number of subjects enrolled, length of follow-up, age distribution of the cohort, the age-specific risks of cancer assumed, the ratio of affected to unaffected carriers, the proportion of unaffected women electing to have preventive surgery, and the relative proportions of BRCA1 and BRCA2 mutations. In the table below we have tried to make some calculations about the number of cancers we might observe under some reasonable assumptions about these factors as described in more detail below.
We further assume that 2/3 of the women will carry a BRCA1 mutation, vs. 1/3 BRCA2, and that among BRCA1 carriers affected at the time of enrollment into the cohort, 2/3 will have breast, 1/3 ovarian cancer; for BRCA2 carriers 80% will present with breast cancer. For the calculations below, we have used the risk estimates for BRCA1 and BRCA2 as produced by the BCLC (Ford et al. 1994; 1998) . Among women affected with breast cancer, we assume 80% will have prophylactic contralateral mastectomy and that all women with ovarian cancer will have total oophorectomy. Under these assumptions, the table below shows the expected number of breast and ovarian cancer cases as a function of the ratio of affected to unaffected gene carriers enrolled, the rates of prophylactic surgery in unaffected women, and the length of follow-up, assuming that 2000 female gene carriers are entered into the study.
As can be seen from the above table, adequate (> 0.8) power is obtained for ovarian cancer only with long term follow-up and a common exposure associated with a relatively large effect. For breast cancer, however, a doubling of risk can be detected with 5 years of follow-up, provided that it is a reasonably common exposure (e g, OC use).
Summary
In organizing this international effort, our goal was to provide a standardized set of procedures and questionnaire data for a group of centers doing BRCA1/2 testing, either in a research or clinical context. The IBCCS study includes data both from large parallel studies being conducted in the UK, Netherlands, and France, and from small individual centers in which the IBCCS is providing the impetus and some resources to collect the necessary data. These data can be used to address prospectively some basic questions concerning the natural history of BRCA1 and BRCA2 carriers. Many of these questions, notably those concerning outcome and response to treatment are difficult, if not impossible, to address in a retrospective fashion. Other analyses, such as mutation specific risks, or some of the rarer environmental/lifestyle exposures, other cancer sites etc. are likely to require a sample size larger than even any of the national studies can obtain on their own. As new chemopreventive or targeted therapeutic agents become available, the IBCCS can provide a potential resource of high-risk women who may wish to participate in clinical trials of these agents. The knowledge gained from this prospective observational study will allow the family cancer clinics in each country to provide more accurate risk information to women who are found to be gene carriers in these programs thus allowing them to make informed choices regarding their options for prevention and screening. This study will interact with other European Community-funded studies such as the European Network of Cancer Registries (for verifying and tracking cancer incidence in those centers covered by complete registries), the European Breast Cancer Linkage Consortium, which coordinates collaborative research in breast cancer genetics, and the EPIC prospective study of nutrition and cancer which will allow (where the populations overlap) the comparison of our results with age-specific cancer rates in a normal-risk population. Moreover, we have coordinated the questionnaires and timing of the study to allow pooling of our data with parallel studies in Canada (with S. Narod), USA (B. Weber), and Australia (J. Hopper and the KconFab project). Although enrollment has only just begun, we believe that in the future, the IBCCS study has the potential to be an important aid in our understanding of the role of the BRCA1 and BRCA2 genes in breast and ovarian cancer. Show Char Content Hide Char Content Table 3 . Power to detect differences in risk due to environmental effects in the prospective study as a function of follow-up time, exposure frequency and risk ratio of the exposure. The total number of cancer cases is assumed to be those given in 
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